Porcine-transmissible gastroenteritis virus (TGEV) is a pathogenic coronavirus responsible for high diarrhoea-associated morbidity and mortality in suckling piglets.
Summary
Porcine-transmissible gastroenteritis virus (TGEV) is a pathogenic coronavirus responsible for high diarrhoea-associated morbidity and mortality in suckling piglets.
We analysed the TGEV ORF3 gene using nested polymerase chain reaction and identified an ORF3a deletion in three field strains of TGEV collected from piglets in China in 2015. Eight TGEV ORF3 sequences were obtained in this study. Phylogenetic tree analysis of ORF3 showed that the eight TGEV ORF3 genes all belonged Coronaviruses (CoVs) are a major cause of porcine diarrhoea in pig herds worldwide, leading to important economic losses (Zuniga, Pascual-Iglesias, Sanchez, Sola, & Enjuanes, 2016) . Coronaviruses comprise four genera: alpha-, beta-(lineages A-D), gamma-, and deltaCoVs. The CoV antigen responsible for causing diarrhoea in swine has been identified (Ma et al., 2015) . Porcine-transmissible gastroenteritis virus (TGEV), porcine epidemic diarrhoea virus (PEDV), and a natural TGEV deletion mutant porcine respiratory virus (PRCV) are alpha-CoVs. Porcine hemagglutinating encephalomyelitis virus is a beta-CoV, and porcine deltacoronavirus is a delta-CoV.
Coronaviruses have high mutation rates resulting in changes in tissue tropism, transmission pathways, and host specificities (Ma et al., 2015) . Transmissible gastroenteritis virus is a member of the Coronaviridae family responsible for severe diarrhoea in suckling piglets (about 2 weeks old). It is an enveloped virus with a positive-sense RNA genome of 28.5 kb, that was first reported in the USA in 1946 (Doyle & Hutchings, 1946) . Transmissible gastroenteritis virus is currently divided into two distinct genogroups: the Miller cluster and the Purdue cluster (Hu et al., 2015) . Transmissible gastroenteritis virus occurs in suckling piglets in swine-producing areas in China (Weiwei et al., 2014) . The TGEV genome was first sequenced by the analysis of polymerase chain reaction (PCR) products in 1993 (Chen, Pocock, & Britton, 1993) .
The TGEV genome encodes nine proteins, including four structural proteins (spike, membrane, nucleocapsid, and envelope) and † These authors contributed equally to this paper. Received: 22 November 2016 DOI: 10.1111 five non-structural proteins (polyprotein 1a, polyprotein 1ab, ORF3a, ORF3b, and 7). Porcine respiratory virus is an S gene deletion mutant of TGEV first identified in Belgium in 1984 (Pensaert, Callebaut, & Vergote, 1986) . Porcine respiratory virus can replicate in respiratory tissues in infected piglets and demonstrates selective tropism with very little replication in intestinal tissues (Wang & Zhang, 2015) . Porcine respiratory virus was identified as a TGEV mutant because of their antigenic and genetic relationships, though sequence analysis showed heterogeneity in the S, ORF3a, and ORF3b genes between TGEV and PRCV (Vaughn, Halbur, & Paul, 1995) .
Sequence analysis of TGEV strains also showed that large deletions or insertions in the ORF3 gene region (Kwon, Saif, & Jackwood, 1998) . Given the potential involvement of the TGEV ORF3 gene in virus virulence or tropism, it is necessary to establish a method for its characterization.
Reverse transcription PCR (RT-PCR) was used to detect TGEV in 1991 (Page, Mawditt, & Britton, 1991) , while nested PCR (nPCR) has been used to detect nucleic acids in members of the family Coronaviridae including PEDV (Chen et al., 2013) , feline infectious peritonitis virus (Gamble, Lobbiani, Gramegna, Moore, & Colucci, 1997) , canine coronavirus (Pratelli, Tempesta, Greco, Martella, & Buonavoglia, 1999) , and TGEV (Rodriguez et al., 2012) . Multiplex nPCR has also been used to differentiate between PEDV and TGEV infections (Jung, Kim, Kim, Kim, & Chae, 2003) . In this study, we developed an nPCR-based diagnostic field test for the rapid detection of TGEV infection in farmed pigs. Furthermore, we detected TGEV field strains belonging to Miller cluster in China, and also provided the first evidence for a large deletion in ORF3 resulting in the loss of ORF3a deletion in China. and TGE-ORF3-F2, and TGE-ORF3-F1n and TGE-ORF3-F2n (Table S1 ), were designed and synthesized for RT-nPCR according to the corresponding sequence of TGEV strain H16 (GenBank No. Table S2 . (Paul, Vaughn, & Halbur, 1997) . We tried to isolate the ORF3a-deleted TGEV virus from samples prepared as above, but unfortunately were unable to do so (data not shown). (Zhang et al., 2007) . These results suggest that the ORF3 region of the TGEV genome is an important determinant for regulating viral virulence (Zuniga et al., 2016) . Transmissible gastroenteritis virus strain 96-1933 is a virulent variant isolated in England in 1996 (Jones & Paton, 1996) , including an intact S gene, but with a deletion in ORF3a. There have been no other relevant reports of ORF3a-deleted TGEV until the current study, which demonstrated an 81-nt deletion in ORF3a. However, the locations of the current and 96-1933 deletions differed; gene loss in 96-1933 was due to a discontinuity in ORF3a, while the deletion of TGEV ORF3a in the current study was continuous, which has not previously been reported in TGEV.
| MATERIALS AND METHODS

| Detection of viral RNA and sequencing
Some TGEV viruses belonging to the Miller group have been found in China (attenuated H and TS) (Li et al., 2010; Wang et al., 2010) , while Purdue strains, such as TGEV HX and SHXB strains, are also prevalent in China (Hu et al., 2015; Weiwei et al., 2014) , thus providing increased opportunities for reorganization. The leader RNA-binding site and ORF3a start site were included in the deleted region identified in TGEV the current study (Figure 3) , and in the sequences of PRCV-ISU-1 (Lai, Welter, & Welter, 1995; Zhang et al., 2007) . Previous studies on the genetic structures of PRCV and TGEV revealed two unique characteristics. First, the PRCV S gene lacks nt 621-681, resulting in a smaller S glycoprotein in PRCV than TGEV.
Second, TGEV and PRCV differ in the ORF3 region; the leader RNAbinding site (CTAAAC) in PRCV is altered or partially deleted before the ORF3a gene (Wang & Zhang, 2015) .
A deletion occurring at a common break point was previously found in non-structural protein 3b of the naturally attenuated PRCV-ISU-1 and TGEV Miller M60 (Zhang et al., 2007) . Sequence comparison showed that TGEV Miller strains had a closer relationship with PRCV-ISU-1 compared with Purdue strains. In this study, eight ORF3 sequences belonging to Miller cluster were identified in field strains of TGEV. Furthermore, a novel type of deletion within ORF3a was found in three TGEV field strains, suggesting that some of the differences among ORF3a sequences maybe with regard to PRCV. However, we have not yet succeeded in isolating ORF3a-deleted TGEV, and have therefore been unable to evaluate its pathogenic mechanisms in pigs to date. However, further studies are planned to isolate this virus.
Chimeric viruses termed swine enteric coronaviruses (SeCoVs) were recently found in Central Eastern Europe (Belsham et al., 2016) and Italy (Boniotti et al., 2016) in 2016. We examined the relationship between ORF3 in SeCoVs and the ORF3 detected in this study by comparing the TGEV ORF3 sequences with the ORF3 gene of SeCoVs. As shown in Figure 1 , the TGEV ORF3 sequences were not closely related to the ORF3 gene of SeCoVs, which was in turn closely related to PRCV AR310 and ISU-1. 
